The aim of this study was to analyse expression of ETS-1 protein and two gelatinases (MMP-2 and MMP-9) and their possible prognostic value in breast carcinoma patients, as well as correlation of their expression with other known prognostic factors such as tumor size, grade, vascular invasion, steroid receptor values, HER2 values and proliferative index. The expression of MMP-2, MMP-9 and ETS-1 was immunohistochemicaly analysed in 121 consecutive primary breast carcinoma patients who underwent surgery at the Clinical Hospital Centre Zagreb during 2002. Three representative areas from each tumor paraffin blocks were taken and arranged on a recipient paraffin block with predefined coordinates for simultaneous analyses of multiple tissue samples (TMA). ETS-1, MMP-2 and MMP-9 expression and co-expression were correlated with other clinico-pathological parameters and based on the available clinical follow up data survival analysis was performed.
Today it is an undeniable fact that despite new discoveries in the field of oncology and excellent screening programs, breast cancer is the major cause of cancer related deaths in women worldwide [1] . It is well known that up to 10% of all breast cancers are hereditary and caused partly by mutations of BRCA1 and BRCA2 genes [2] . However, vast majority of patients with breast cancer belong to the group of so-called sporadic breast carcinoma. These facts stimulates the entire medical clinical and research population to try to discover new prognostic factors to be able to understand the breast carcinoma pathogenesis which can lead us to better treatment and longer survival of patients.
One of the genetic factors that play a role in the progression and prognosis of breast cancer is a transcription factor ETS-1 [3] [4] [5] [6] [7] . It belongs to the ETS protein family, biggest family of human transcription factors [5] . Altered expression of ETS-1 transcription factor is often found in tumors [5] [6] [7] [8] [9] . In breast cancer, expression of ETS-1 protein is associated with oncogenesis, tumor progression, metastatic potential and survival [3, [10] [11] . There is also evidence that drug resistant breast cancer cells overexpress ETS-1 gene [12] . ETS-1 is overexpressed in ductal epithelial cells in malignant transformation, and is one of the factors associated with tumor growth and differentiation of breast carcinomas [13] . It has been also shown that binding sites for ETS proteins are promotors of many DNA genes that among others encode enzymes such as matrix metalloproteinase-1,2,3,7,9 [14] [15] [16] [17] . Degradation of the basement membrane is the main process of tumor invasion and development of the metastases [18] and MMPs are enzymes that play an important role in that process [19] . MMPs are overexpressed in a wide range of malignant tumors. The correlation between their expression and tumor aggressiveness, clinical stage, and prognosis has been demonstrated [20] . Within the MMP family, MMP-2 (gelatinase A, 72kDa) and MMP-9 (gelatinase B, 92kDa) are involved in collagen IV degradation, the main component of the basement membrane [18] [19] . The overexpression of MMP-2 and MMP-9 was also found in some breast cancers, with proved correlation with local invasion, metastatic disease and prognosis [19, [21] [22] [23] [24] [25] [26] [27] . Since the binding site for ETS-1 transcription factor is present in MMP-2 and MMP-9 promotor region [28] [29] , the positive correlation between expressions of ETS-1 and gelatinases in many malignant tumors including breast cancer was found [15] [16] [17] .
The goal of this study was to analyse expression and coexpression of ETS-1 protein and two gelatinases (MMP-2 and MMP-9) in sense of their possible prognostic value in breast carcinoma patients in our population, as well as correlation of their expression with other traditional prognostic factors such as tumor size, grade, vascular invasion, lymph node status, steroid receptor and HER2 expression and proliferative index.
Materials and methods
In this study we included 209 consecutive primary breast carcinoma patients diagnosed and treated in Clinical Hospital Centre Zagreb during 2002. Since the study was designed that only patients with invasive ductal carcinomas (NST) and patients with completed clinical follow-up data were included, the final number of patients was 121. All patients had no distant metastases at the time of diagnosis. For each patient pathohistological data (tumor size, nuclear and histologic grade, lymph node status, presence of vascular invasion, steroid receptor and HER-2/neu status) were reanalyzed. Proliferative index was estimated by the immunohistochemical assessment of the nuclear antigen Ki-67. Specimens with HER-2/neu expression 2+ were further analyzed using in situ technique (dual-SISH) for the evaluation of gene amplification.
Three representative areas from each tumor paraffin block were taken and arranged on a recipient paraffin block with predefined coordinates for simultaneous analysis of multiple tissue samples (tissue microarray, TMA). Tissue microchips were cut into 4-5 microns thick sections and stained with standard immunohistochemical avidin-biotin immunoperoxidase method using anti-ETS-1 antibody, anti-MMP-2 and anti-MMP-9 (Novocastra, UK) in autostainer (Autostainer, Dako, Denmark). All slides were analysed using light microscope and the results of staining were presented as immunohistochemical score. According to the percentage of positive tumor cells for each tumor triplet average points were awarded: 0-negative, 1=1-10%, 2=10-50%, 3=more than 50% of stained cells [13] . Multiplying the intensity of staining (0, 1, 2, 3) with the number of points assigned to the percentage of stained cells the score value was established from 0 to 9. MMP-2 and MMP-9 expressions were calculated for tumor cells.
Immunohistochemical scores were evaluated by two pathologists who were unaware of patients' patohistological and follow-up data. Discrepancies between the observers were found in 10% of the cases, they were re-examined, and consensus was reached on further review.
ETS-1, MMP-2 and MMP-9 expressions and co-expressions were correlated with other clinicopathological parameters. Based on the available clinical follow-up data survival analysis was done (overall survival-OS and disease-free survival-DFS).
Statistical analysis was done using STATISTICA software. In order to estimate the impact of prognostic factors on OS and DFS we used the Kaplan-Meier method for up to 124 months of follow-up and performed univariate and multivariate Cox regression analysis. The score for ETS-1, MMP-2, MMP-9 immunoreactivity was compared with other prognostic variables by chi-square test. The same test was used for comparison between ETS-1/MMP-2/MMP-9 co-expression with other prognostic factors, and p<0.05 was considered statistically significant.
Results
Patient clinical characteristics and immunohistochemical analysis. In this study 121 patients were enrolled. Median age was 57 years (range 30 to 83 years,). The median tumor size was 2,35 cm (range 0,5 -10 cm, median 2 cm) and the median follow-up time was 80, 6 months (range 9-124 months). All patients' clinicopathological data are summarized in Table 1 . In our material 56.2% of breast carcinoma patients had ETS-1 positive tumors, while MMP-2 and MMP-9 positivity was found in 77.7% and 90% of tumors respectively (Figure 1 ). Co-expression of all three investigated parameters was found in 40,5 % patients.
Immunoreactivity of ETS-1, MMP-2 and MMP-9 in relation to traditional prognostic factors is shown in Table 2 .
ETS-1 expression in tumor cells was correlated with tumor size, tumor grade and steroid receptors expression. There were no significant correlations between MMP-s expression and other patohistological parameters. Concerning vascular invasion, in our study there were only six patients with definitive vascular invasion. Therefore, we were unable to calculate any correlation between expression of our proteins and vascular invasion. The observed MMP-2, MMP-9 and ETS-1 co-expression in tumor cells was more common in tumors larger than 2 cm (0, 4 -7.0 cm, mean 2,35cm, p = 0.0065), in tumors with histological and nuclear grade 3 as well as in ER and PR negative tumors. Co-expressions were not associated with lymph node metastasis, HER-2/neu status or Ki67 proliferation index.
Follow-up and survival analysis. Survival was calculated during the follow-up period of 9-124 (average 80,6) months. In that period 31 patients died of breast cancer related death. In Kaplan Meier analysis patients with ETS-1 positive tumors had shorter OS than those with ETS-1 negative tumors (p=0,0056, Figure 2 ). DFS was also compared to the expression of ETS-1, MMP-2 and MMP-9 in tumor cells. The DFS was shorter in patients with ETS-1 positive tumors (p=0,0002, Figure 3) . No significant differences in DFS were found between MMP-2 and MMP-9 positive and negative tumors (p=0,723 and p=0,335, respectively). There was strong impact of tumor cells co-expression of ETS-1, MMP-2 and MMP-9 on OS and DFS (Figure 4 and 5) .
Factors with statistically significant correlations with OS and DFS in univariate Cox analysis are summarized in Table  3 and 4. However, we were not able to confirm these findings in multivariate analysis.
Discussion
Due to breast cancer high ratio of recurrence and mortality, great emphasis is placed on the discovery of new prognostic factors that would allow the separation of the subset of pa- tients that would require more aggressive adjuvant treatment. Primary tumor characteristics are increasingly important in that selection, and therefore we wanted to investigate expression and co-expression prognostic values of ETS-1 and two gelatinases in breast cancer tumor cells. ETS-1 belongs to biggest family of transcription factors [5] . Some studies have shown its correlation with prognosis, pathogenesis and metastatic potential of many malignant tumors including breast cancer [3-7, 15,17] . These studies suggested a higher expressions of ETS-1 in malignant tumors, but despite these results the true role of transcription factor ETS-1 remains unclear. In study published by Span et al. it has been shown that ETS-1 is a prognostic factor for relapse-free survival for breast cancer patients [3] . Our data confirmed their conclusion. Controversies about MMPs impact on cancer progression are also reported. There are reports of tumor regression with overexpression of MMP-9 [30] . Other published studies showed a correlation between overexpression of MMP-2 and MMP-9 activity and tumor initiation and progression [19, 21, 23-27, 31,32] . However, no consensus in the literature regarding their prognostic significance is established. Some authors found a relationship between gelatinases in tumor cells and a poor survival rate [21, 23, [26] [27] 33] . Other reported no prognostic value of MMP-2 expression in tumor cells [25] . Scorilas et al. reported potential favourable indicator of MMP-9 in node negative patients [22] . These results suggest that further research on the MMP-2 and MMP-9 as a prognostic factor is needed. In our study, expressions of MMP-2, MMP-9 and MMP-2/MMP-9 co-expression in tumor cells had no statistically significant impact on OS and DFS (Tables 3 and 4) . Some of our results in univariate Cox analysis are borderline and show that patients with MMP-2 and MMP-2/MMP-9 co-expression in tumor cells had a tendency toward shorter overall survival but that connection is not statistically relevant (p= 0,0799 and 0,0856 respectively).
It is certain that, among many things, ETS-1 regulates the expression of two gelatinases, MMP-2 and MMP-9. We were not able to find data about correlation of ETS-1, MMP-2 and MMP-9 co-expression with traditional patohistological parameters in breast carcinoma patients, and also we found no studies investigating the influence of their co-expression in tumor cells on OS and DFS. Our data showed that individually collagenases correlate with known histological prognostic factors, co-expression of ETS-1, MMP-2 and MMP-9 significantly correlated with tumor size, nuclear grade, histological grade and hormone receptor status ( Table 2 ). The results of our study showed strong impact of co-expression of ETS-1, MMP-2 and MMP-9 on OS and DFS ( Figure 3 and 4) . Based on the p-value, multiplexing ETS-1, with MMP-2 and MMP-9 does not provide further statistical significance than ETS-1 alone (Table 3) . Therefore there is no advantage of multiplexing ETS-1, MMP-2 and MMP-9 as a prognostic marker instead of using ETS-1 alone.
In our immunohistochemical analysis as well as in some other studies ETS-1 positivity has been shown not only in tumor cells but also in stromal cells: lymphocytes, endothelial cells and fibroblasts. According to some authors ETS-1 positivity was high in tumor cells and low in stromal cells [7, 13] , while some authors put emphasis on stromal elements noting that ETS-1 positivity was higher in stromal elements than in tumor cells [34, 35] . Further on, it is speculated that tumor cells import MMPs from tumor stroma [20] , and therefore it would be of great interest to investigate stromal and tumor co-expression of ETS-1 and gelatinases in breast carcinoma patients and their influence on DFS and OS.
Conclusion
Our results suggest that ETS-1 is powerful prognostic factor in breast carcinoma patients influencing DFS and OS, and is associated with some other traditional prognostic factors such as tumor size, grade and steroid receptors status. MMP-2 and MMP-9 did not show individually either correlation with traditional prognostic factors or with DFS and OS. Since there are some data implicating influence of ETS-1 in MMP-2 and MMP-9 activation, it can be speculated that MMP-2 and MMP-9 by themselves do not have statistically significant impact, but in combination with ETS-1 might reach statistical significance. At this moment according to our results multiplexing ETS-1 with MMP-2 and MMP-9 does not provide clinical significance. This fact can serve us to evaluate risk in patients after the surgery treatment analyzing ETS-1 expression to be able to separate group of patients in need of more aggressive adjuvant therapy.
